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Evaluation of TAZ and PKM2 expression in gastric signet ring cell carcinoma
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Abstract: Background: Gastric cancer is the fourth most common cancer and the second cause of cancer-related death worldwide. Signet ring cell carcinoma SRCC is a histologic subtype characterized by poor differentiation, strong invasive tendency and poor prognosis. Transcriptional coactivator with PDZ-binding motif (TAZ) is known to bind to a variety of transcription factors to control cell differentiation and organ development. PKM2 (M2 isoform of pyruvate kinase) was identified as a driver of aerobic glycolysis, leading to cell growth and tumor development. Materials and methods: This study was carried out on 46 gastric SRCC cases received as paraffin blocks and as fresh specimens. Results: The immunohistochemical expression of TAZ was positive in the cytoplasm and nuclei of 38 out of 46 (82.6%) gastric SRCC samples. PKM2 expression was also investigated in all 46 gastric SRCC cases. PKM2 expression was positive in 40 (87%) out of 46 cases. PKM2 expression was positive in gastric SRCC compared to negative adjacent normal gastric glands from the same patients. Conclusions: These results show that TAZ and PKM2 might be considered as targets for the treatment of gastric SRCC in the future.
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1. Introduction:
Gastric cancer is the fourth most common cancer with the leading causes of cancer death in East Asian countries and some western countries [Cho et al., 2011 and Jemal et al., 2011]. Signet ring cell gastric carcinoma (SRCC) is a histologic diagnosis based on microscopic characteristics as described by the World Health Organization [Hamilton and Aaltonen, 2004].Signet ring cell carcinoma is characterized by cells with abundant mucin in the cytoplasm and nuclei located at the cell periphery. It has long been thought to have a worse prognosis than other forms of gastric cancer [Taghavi et al., 2012]. The genetic background of SRCC has rarely been investigated, and the molecular basis of their growth and differentiation still remains unclear. Therefore, studies of the molecular profile of gastric SRCC and identification of new molecular markers are both relevant to improve the diagnosis and the prognosis of the tumor.
Transcriptional coactivator with PDZ-binding motif (TAZ), also called WW-domain containing transcription regulator 1 (WWTR1), has been defined for its role in the nucleus [Di Palma et al., 2009]. It functions directly as a transcriptional regulator by interacting with several nuclear factors and plays a central role in the Hippo pathway, which regulates the size and shape of organ development [Varelas et al., 2008]. TAZwas described as controlling gene important for muscle differentiation, lung and respiratory epithelial differentiation, cardiac and limb development, adipogenesis and osteogenesis, and tumorigenesis. TAZ has been identified as an oncogene and has an important role in tumorigenicity of many cancers, such as non-small cell lung cancer [Xie et al., 2012], papillary thyroid carcinoma [De Cristofaro et al., 2011], and colon cancer [Yuen et al., 2013]. They found that TAZ gene expression signature was over-represented in poorly differentiated tumors compared with well-differentiated low-grade tumors. Importantly, TAZ confers cancer stem cell-related traits in breast cancer cells [Zhao et al., 2012], further highlighting its importance in tumor initiation and progression.
Cancer cells take up glucose at higher rates than do normal cells but produce energy mainly by glycolysis, rather than by mitochondrial oxidation of pyruvate. This process, called aerobic glycolysis or the Warburg effect, is very important for tumor growth [Mazurek, 2011]. Glycolysis increases lactate production resulting in acidification of the extracellular environment, which is believed to facilitate cell invasion and metastasis [Gatenby & Gillies 2004]. The M2 isoform of pyruvate kinase (PKM2) was identified as a driver of aerobic glycolysis, and has been shown to be the isoform preferentially overexpressed in tumor cells. Other isoenzymes of pyruvate kinase (pyruvate kinase type M1, pyruvate kinase type L, pyruvate kinase type R) are expressed depending upon the metabolic responsibilities of the various non-cancerous cells and tissues.PKM1 and PKM2 aresplicing products of the M-gene (exon 9 for PKM1 and exon 10 for PKM2) and solely differ in 23 amino acids within a 56-amino acid stretch (aa 378-434) at their carboxy terminus [Christofk et al., 2008].
Two missense mutations (H391Y and K422R) of pyruvate kinase M2 enzyme were found in cells from patients prone to develop cancer. Results show that despite the presence of mutations in the inter-subunit contact domain, the K422R and H391Y mutant proteins maintained their homotetrameric structure, similar to the wild-type protein, but showed a loss of activity of 75 and 20%, respectively. Interestingly, H391Y showed a 6-fold increase in affinity for its substrate phosphoenolpyruvate and behaved like a non-allosteric protein with compromised cooperative binding. However, the affinity for phosphoenolpyruvate was lost significantly in K422R. Unlike K422R, H391Y showed enhanced thermal stability, stability over a range of pH values, a lesser effect of the allosteric inhibitor (Phe), and resistance toward structural alteration upon binding of the activator (fructose 1,6-bisphosphate) and inhibitor (Phe). Both mutants showed a slight shift in the pH optimum from 7.4 to 7.0 [Akhtar et al., 2009]. Interestingly, cells co-expressing PKM2 and mutant (K422R or H391Y) showed significantly aggressive cancer metabolism, compared to cells expressing either wild or mutant PKM2 independently [Iqbal et al., 2014].
PKM2 expression correlates with tumorigenesis. A unique pattern of four expressed genes, including PKM2, was reported to predict outcomes for some tumors [Gordon et al., 2009]. Events that negatively impact tumorigenesis can also reduce PKM2 function. Vitamins K3 and K5 inhibit tumorigenesis along with potently inhibiting PKM2 activity [Chen et al., 2012]. Shikonin, a derivative of a Chinese herb with antitumor activities, induces necrosis and inhibits PKM2 expression in cancer cell lines [Chen et al., 2012]. A reverse correlation was observed between antitumor microRNA-326 and PKM2 in glioma [Kefas et al, 2010]. Finally, the Spry2 tumor suppressor was reported to inhibit hepatocarcinogenesis via the MAPK and PKM2 pathways [Wang et al., 2012].Furthermore, PKM2 possesses activities that directly promote tumorigenesis. Overexpression of PKM2 upregulates Bcl-xL and promotes the proliferation and migration of cancer cells [Kwon et al., 2012 and Zhou et al., 2012]. Knockdown of PKM2 using specific siRNA inhibited cancer cell’s proliferation and invasion in vitro and the formation of xenograft tumors in vivo [Kefas et al., 2010 and Goldberg & Sharp, 2012].
Under hypoxic conditions, cells metabolize glucose by anaerobic glycolysis, a process that is regulated by two master transcription factors, hypoxia-inducible factor (HIFs), and c-Myc. Both transcriptional factors are also critical for aerobic glycolysis in cancer cells. Consistent with PKM2 being essential for aerobic glycolysis, a relationship exists among HIF-1, c-Myc, and PKM2 [Gordan et al., 2007].
HIF-1 is a heterodimeric transcription factor, consisting of HIF-1α and HIF-1β. The β subunit is constitutively expressed, while the α subunit is directly regulated by oxygen (O2) levels [Semenza, 1998]. Under normoxic conditions, HIF-1α is hydroxylated at prolines (P) 402 and 564 by three prolyl hydroxylase domain proteins (PHD1-3) in the presence of oxygen, α-ketoglutarate, iron, and ascorbate. This results in the ubiquitination of prolyl-hydroxylated HIF-1α by the von Hippel-Lindau (VHL) tumor suppressor and the subsequent degradation of HIF-1α [Jaakkola et al., 2001]. Under hypoxic conditions, HIF-1α is stabilized as a result of inhibiting prolyl hydroxylation, allowing HIF-1α to dimerize with HIF-1β in the nucleus. This leads to transcription of a set of genes to cope with reduced O2 availability [Kaelin & Ratcliffe 2008 and Song et al, 2008]. These target genes include those responsible for promoting glycolysis [Meijer et al., 2012]. HIF-1 transactivates the glucose transporters GLUT1 and GLUT3, hexokinase (the first kinase in the glycolysis pathway), lactate dehydrogenase A (LDHA), and pyruvate dehydrogenase kinase 1 which phosphorylates and inhibits pyruvate dehydrogenase (PDH)[Semenza, 2010].Consistent with the Warburg effect’s association with synthesis of cellular building blocks, HIF-1 also transactivates glucose-6-phosphate dehydrogenase (G6PD) to channel glucose-6-P into the pentose phosphate shunt for nucleotide and amino acid synthesis[Meijer et al., 2012]. Therefore, the collective actions of HIF-1 transcription activity seem to shift cells from oxidative metabolism to glycolysis. In line with these observations, PKM2 shares an intimate connection with HIF-1. The first intron of the PKM2 gene contains the functional hypoxia-response element (HRE), thus also making it a target of HIF-1 [Luo et al., 2011].
It was also discovered that cells with high levels of PKM2 also demonstrated high c-Myc activity [Clower et al., 2010 and David et al., 2010]. These observations are well in line with a large body of evidence indicating that c-Myc stimulates glycolysis and is required to coordinate with HIF-1 to regulate the cellular response to hypoxia. Thus, evidence suggests that PKM2 plays a role in c-Myc-mediated cancer metabolism and in c-Myc’s communication with HIF-1 [Gordan et al., 2007 and Miller et al., 2012].
However, more studies are needed for clarification of the exact biological function of PKM2 in cancer and its potential as an anti-cancer target. Therefore, we decided to analyze the role of TAZ and PKM2 expression in tumorigenesis in human gastric cancer patients.

2. Materials and methods:
We studied 46 cases diagnosed as gastric signet ring carcinoma by two pathologists. Samples were collected as formalin-fixed, paraffin-embedded tissue blocks, with H&E stained slides from the archive of the pathology department of faculty of medicine, Tanta university and private labs (36) or received as fresh specimens taken by endoscopic biopsy (10). Immunohistochemistry was performed using the immunoperxoidase method on 4-m-thick sections from formalin-fixed, paraffin-embedded blocks. Pretreated sections were incubated with rabbit polyclonal TAZ antibody (1:200, Thermo Scientific, Egypt). Tissue was scored (H score) based on the total percentage of positive cells (≤5%) = 0, (6% - 25%) = 1, (26% - 50%) = 2, (51% - 75%) = 3, and (>75%) = 4) and the intensity of the staining (0, 1, 2, or 3), where 𝐻is the score of the percentage of positive cells multiply intensity score. The sample was considered negative if 𝐻= 0 and positive if 𝐻was more than 0. Positive samples were also categorized as weak (1+) if 𝐻= 1 to 4, middle (2+) if 𝐻= 5 to 8, and strong (3+) if 𝐻was more than 8. We grouped the cases as low expression with (+1) H score and high expression with (+2) and (+3) H score [Yue et al., 2014]. Antibody to PKM2 (1:500, Thermo Scientific, Egypt) was also applied to the sections. The degree of immunostaining was scored according to the proportion of positively stained tumor cells and the intensity of staining. Tumor cell proportion was classified as follows: 0% (negative), 10%-25% (weak), 25%-50% (moderate), and > 50% (strong) PKM2-positive tumor cells. Staining intensity was classified as none, weak and strong staining. We assessed PKM2 expression in non-cancer gastric epithelial cells and malignant lesions. Tumors with more than 25% PKM2-positive cells were considered tumors with positive PKM2 expression, and those with less than 25% PKM2-positive cells were considered negative for PKM2 expression [Lim et al., 2012]. For both antibodies, the antigen retrieval (PBS buffer; pH 7.4) was done for all sections and were incubated with the primary antibody for 2 h at room temperature. The sections were incubated with secondary antibody (HRP-Rabbit/Mouse) for 15 min at room temperature. As a negative control, a section was processed in which the primary antibody was changed by PBS. Immunohistochemical staining was evaluated independently by two pathologists.
Statistical analysis was performed by using Associations between two categorical variables were done by two sample 't' test/Mann Whitney/Analysis of variance/Kruskal-Wallis test. A P value of less than 0.05 was considered statistically significant.

Results:
Immunohistochemical staining results of TAZ:
TAZ protein expressions were positive in 38 out of 46 (82.6%) gastric SRCC samples. TAZ had nuclear and cytoplasmic expression. H score was weak (+1) in 9 cases (low expression), moderate (+2) in 16 cases and strong (+3) in 13 cases (high expression in 29 cases) (Figure 1,2) (Table 1). The correlation of TAZ expression with the clinicopathologic characteristics showed significant relation with the tumor size but no significant relation with age and sex (Table 2). 
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Fig. (1): TAZ protein expression in SRCC showing cytoplasmic and nuclear staining with H score = 12 (x100)
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Fig.(2): Cytoplasmic and nuclear expression of TAZ protein in the malignant signet ring cells in a case of SRCC with H score = 6 (x200). 
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Table (1): The immunohistochemical staining results of TAZ in SRCC cases:
	
	Immunohistochemical expression of TAZ in SRCC

	
	0 (Negative)
N = 8
	(Weak H score)
N = 9
	(Moderate H score)
N = 20
	(Strong H score)
N = 9

	Intensity of staining
+1
+2
+3
	
0
0
0
	
4
4
1
	
0
11
9
	
0
0
9

	Percentage of positive cells
+1
+2
+3
+4
	
0
0
0
0
	
5
3
1
0
	
0
9
9
2
	
0
0
6
3



Table (2): The relation of TAZ expression with the clinical characters of SRCC:
	Clinical characters
	Low expression
N = 9
	High expression
N = 29
	P

	Age
<60
>60
	
4
5
	
13
16
	0.237

	Sex
Male
Female
	
7
2
	
25
4
	0.154

	Size
<5cm
>5cm
	
6
3
	
7
22
	0.041*


*Statistically significant (P<0.05).
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Immunohistochemical staining results of PKM2:
PKM2 expression was positive in 40 (87%) out of 46 cases. Twelve cases (30%) showed weak positive PKM2 expression, 15 cases (37.5%) showed moderate staining and 13 cases (32.5%) showed strong expression. PKM2 was mainly localized in the cytoplasm of cancer cells. Diffuse and/or intense cytoplasmic statining was noted in only cancer cells. In contrast, PKM2 was either undetectable or only marginally detectable in the normal epithelial gastric body gland from the same patients (Figure. 3,4). Stastical analysis showed significant correlation between positive PKM2 expression and tumor size (Table 3). In the same time, there was a significant difference in expression between tumorous and non-tumorous tissues (Table 4). 
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Fig. (3): PKM2 cytoplasmic immunohistochemical expression in malignant signet ring cells (x400).
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Fig.(4): Cytoplasmic expression of PKM2 in malignant signet ring cells with negative expression in the neighbouring normal (not involved) gastric gland (x400).



Table (3): The correlation of PKM2 expression with the clinical characteristics of SRCC cases:
	Clinical characters
	Positive expression
N = 40
	Negative expression
N = 6
	P value

	Age
<60
>60
	
27
13
	
2
4
	0.232

	Sex
Male
Female
	
23
17
	
3
3
	0.136

	Size
<5cm
>5cm
	9
31
	5
1
	0.024*




Table (4): Immunohistochemical expression of PKM2 in tumorous and non tumorous gastric tissues:
	
	Negative PKM2 expression
	Positive PKM2 expression

	Signet ring cell carcinoma
	6
	40

	Adjacent non-cancerous glands
	46
	0

	P value
	0.031*
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4. Discussion:
In this study, we reported the characterization of TAZ and PKM2 immunohistochemical expression in human gastric signet ring cell carcinomas. TAZ is a transcriptional coactivator that is inhibited by Hippo signalling pathway which regulates cellular proliferation and survival, thus exerting profound effects on normal cell fate and tumorigenesis [Yang et al., 2012]. Aberrant inactivation of the Hippo pathway and/or overexpression of TAZ results. in transcriptional activation of their downstream targets. TAZ overexpression induces cell proliferation and epithelial-mesenchymal transition (EMT) and inhibits apoptosis and contact inhibition. EMT is a process in which cells lose epithelial-like characteristics, such as cell-cell adhesion and polarity, and acquire mesenchymal properties that include increased motility [Zhang et al., 2009]. We found that TAZ expression was positive in 82.7% of the studied SRCC cases with significant correlation with the increasing tumor size.
Yue et al., 2014, reached similar results when they noticed positive immunohistochemical expression of TAZ in 113 (77.4%) out of 146 gastric cancer samples. They stated that high expression of TAZ protein was observed with higher percentage in gastric cancer samples with histology of SRCC than conventional adenocarcinomas. Wang et al., 2013, also examined TAZ expression in colorectal carcinoma. They found that 57.8% of the studied cases showed positive expression of TAZ protein indicating a potential correlation between this protein in colorectal carcinoma. In non small cell lung carcinoma, Xie et al., 2012, demonstrated that TAZ expression was observed in 121 of the 181 (66.8%) specimens with nuclear and cytoplasmic expression.
Similarly, Li et al., 2014 noticed that the positive expression of TAZ protein in glioma tissues was significantly higher than that in normal brain tissue (79.2% vs 15.4%) suggesting that TAZ play a key role in initiation and propagation of human glioma. Chan et al., 2008, also studied TAZ expression in breast cancer cells but they noted that TAZ is overexpressed in only 20% of breast cancer samples.
In contrast, Sun et al., 2014, found that TAZ protein showed a strictly nuclear staining pattern in adenocarcinoma of the esophagogastric junction and dysplasia with immunohistochemistery. Expression of TAZ was higher in dysplasia and adenocarcinoma compared with normal mucosa. TAZ was observed in normal mucosa 16.2%, dysplasia 70.7%, and adenocarcinoma of the esophagogastric junction 40.7%.
On the other hand, it is thought and often quoted in literature that PKM1 is found in many normal differentiated tissues, whereas PKM2 is expressed in most proliferating cells, including all cancer cell lines and tumors [Vander Heiden et al., 2010 and Wong et al., 2013]. Several studies have shown that PKM2 is selectively stained in cancer cells in immunohistochemical assay. It has been suggested that plasma PKM2 could be a valuable tumor marker for diagnosis or monitoring of lung, pancreas, kidney, breast, tongue, and gastrointestinal cancers [Wechsel et al., 1999, Lüftner et al., 2000, Shneider et al., 2002, Yoo et al., 2004, Wong et al., 2008]. However, little is known about the role of PKM2 in cancer and its usefulness in therapy. We found that PKM2 expression was positive in 87% of SRCC cases. 30% of the positive cases showed weak PKM2 expression, 37.5% showed moderate staining and 32.5% showed strong expression compared to the negative staining noticed in the adjacent non timorous tissue. Positive expression was significantly correlated to the larger tumor size.
These results were in approval with those found by Lim et al., 2012. They observed that PKM2 expression was increased more than 2-fold in primary gastric cancers compared to adjacent normal tissues from the same patients. PKM2 protein was detected in 144 of 368 (39.1%) human gastric cancer cases. Sawayama et al., 2014, also studied the expression of glycolytic enzymes as PKM2 in cancer cells. They suggested that PKM2 maybe a significant biomarker for predicting cancer prognosis and may be a therapeutic target in gastrointestinal cancer.
Wechsel et al., 1999, as well, stated that The isoenzyme PKM2 could be demonstrated in renal cell carcinoma and their metastases by immunohistochemistry with a monoclonal antibody specific for pyruvate kinase type M2. In normal kidney cells PKM2 is not detectable. In a similar study, Schneider et al., 2002, studied PKM2 expression in lung cancer and noted that immunohistochemical detection of pyruvate kinase M2 in tissue sections of lung cancer specimens showed selective staining of tumor cells. In addition, immunohistochemical staining results of PKM2 observed by Wong et al., 2008, suggested that PKM2 was overexpressed in tongue squamous cell carcinoma.

Conclusion:
It is important to identify new molecular markers to personalize treatments according to the individual biology of each cancer. Therefore, TAZ as well as PKM2 may play a key role in the discovery of new cancer target therapy.
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